Several lines of evidence suggest that Wnt genes play a critical role in regulating development of the vertebrate embryo. To address the role that this family may play in the development of the chicken central nervous system (CNS), we have used a PCR based strategy to clone partial sequences for Wnt genes. At least six different Wnt genes are expressed in the developing CNS of the chick embryo. The domains of expression overlap either partially or completely, and are expressed in spatial domains that prefigure morphological 
Introduction
Induction and elaboration of the vertebrate central nervous system (CNS) requires cell-cell interactions. Hence, there is considerable interest in the potential role of secreted peptide factors in the regulation of CNS development. Studies on a large gene family related to the proto-oncogene Wnt-I, suggest that Wnt-proteins encode secreted factors which may play important roles in the developing CNS.
The Wnt-gene family consists of at least fifteen vertebrate members, although the full extent of the family is unclear (for general reviews see McMahon, 1992 and . All Wnt-gene products share features in common with the first member to be identified, Wnt-I. They are predicted to encode cysteine rich secreted glycoproteins, generating processed proteins with molecular weights ranging from 37 to 48 kDa. This has been confirmed in extensive studies of mouse Wnt-1 Papkoff et al., 1987; Papkoff, 1989; Bradley and Brown, 1990; Papkoff and Schryver, 1990; Mason et al., 1992) , and in more limited analyses of human Wnt-2 (Blasbland et al., 1992) , and mouse Wnt-3a, 4, 5a, 5b, 6, 7a and 7b (Smolich et al., 1993; L. Burrus and A.P. McMahon, unpublished) .
Numerous expression studies in a variety of vertebrates including the mouse (Wilkinson et al., 1987; Gavin et al., 1990; Roelink and Nusse, 1991; McMahon et al., 1992; Salinas and Nusse, 1992; Parr et al., 1993) , Xenopus laevis (McGrew et al., 1992; Wolda and Moon, 1992; al., 1993; Wolda et al., 1993) , and zebrafish (Molven et al., 1991; Krauss et al., 1992; Kelly et al., 1993) have demonstrated that Wnt-genes show intriguing patterns of expression in the developing brain and spinal cord. Moreover, genetic studies in the mouse have demonstrated the importance of localized expression of one Wnt-factor, Wnt-1, for regional patterning in the brain (McMahon and Bradley, 1990; Thomas and Capecchi, 1990; Thomas et al., 1991; McMahon et al., 1992) , and proliferation of CNS stem cells in the spinal cord (Dickinson et al., 1994) . These, and other studies have also raised the possibility that functional redundancy may exist between members of the family that share similar activities and overlapping expression domains (McMahon et al., 1992; Takada et al., 1994) . Thus, a comprehensive analysis of Wnt-gene expression is an important prerequisite to determining the roles that these genes may play, either alone or in combination with other family members, in the developing CNS.
We have recently performed such an analysis for mouse Wnt-genes (Parr et al., 1993) . However, the chick provides a more attractive experimental system for addressing certain aspects of early CNS development, such as when cell fates are specified. Given the early spatially restricted expression of several Wnt-genes along the anterior-posterior and dorsal-ventral axes of the mouse CNS, at least one function of putative Wnt-signaling pathways may be the regulation of cell fate choice, and consequently the generation of axial polarity within the CNS. Further, the detailed comparison of Wnt-expression may shed light on the roles that these factors play in the evolution of the vertebrate CNS by comparing conserved and divergent aspects of Wnt-gene expression between vertebrate species.
Previous studies in the chick have documented the expression of three members, Wnt-Sa, and Wnt-7a expression has only been studied at stage 20 (Dealy et al., 1993) . At this time Wnr-5a is expressed in both the mesencephalon and myelencephalon, whilst Wnt-7a is expressed in the mesencephalon and a ventro-lateral group of cells in the myelencephalon and spinal cord. WnMc expression in the CNS is exclusively localized to rhombomere 4 in the early myelencephalon of the chick and rat, implicating this family member in the development of this, or adjacent, rhombomeres (Hume and Dodd, 1993) .
Herein we have performed a comparative analysis of the expression of five newly identified chick Wnt-family members, , as well as a more complete analysis of Wnt-Sa, in the chick brain and spinal cord, from stage 7 (folding neural plate) to stage 27 to 28 (mid to late proliferative stages). These studies further substantiate the view that Wnt genes play key roles in patterning the developing nervous system. Moreover, differences in species specific expression of Wnt orthologues suggests that the acquisition of novel Wntsignaling pathways may play a role in evolution of the vertebrate CNS.
Results

Chick Wnt sequences
DNA sequences encoding approximately 130 amino acids of the C-terminal region of were isolated by PCR amplification of chick embryo cDNA and genomic DNA (cf. Gavin et al., 1990) . Alignment of the predicted amino acid sequence, together with their mammalian orthologues is shown in Fig. 1 . As no mouse sequences for the Wnt-8 subgroup are available, Wnt-8b sequences are compared to Xenopus Wnt-8b (Fig.  1) . Using this PCR strategy we were unable to amplify Wnt-I specific sequences. A DNA segment encoding an amino terminal region of Wnt-I was cloned using a different set of primers (see Section 4). The predicted amino acid sequences for this region of chick and mouse Wnt-I are compared in Fig. 1 . Wnt-1, Wnt-3a, Wnt-7b and Wnt8b show 89-92% amino acid identity with the coding region of their mouse or Xenopus counterpart. As expected, there is a greater similarity between orthologous proteins across species than between related subgroup members within a species. For example, chick and mouse Wnt-7b share 92% amino acid identity, whilst a similar comparison between chick Wnt-7a and chick Wnt-7b reveals only 80% identity over the same region. On the basis of inter-species and intra-species comparisons (including sequences for other unpublished chick Wntfamily members which are not expressed in the CNS and which will be described elsewhere; J.A. McMahon, M. Hollyday and A.P. McMahon, unpublished) , it is clear that the chick sequences are orthologues, and not merely close relatives, of the indicated gene. In contrast, chick and mouse Wnt-4 sequences are less conserved (74% amino acid identity). Thus, there is either a different rate of divergence of Wnt-4 genes, or alternatively, there is more than one member of a Wnt-4 subgroup of the Wntfamily (see Section 3).
Spatial and temporal paMerns of Wnt gene expression in the CNS
Within the developing nervous system, the expression domains of the different Wnt genes frequently overlapped and often correlated with morphological boundaries defined by physical features of the embryonic neural tube. This paper focuses on Wnt gene expression in the developing neural tube of the chick embryo. Expression of these and other chick Wnt-genes outside of the CNS will be described elsewhere (J.A. McMahon, M. Hollyday and A.P. McMahon, unpublished) .
2.2.1. Wnt-I. Wnt-I expression was first detected in a stage 7 embryo in the presumptive mesencephalic region of the neural plate prior to neural tube closure ( Fig. 2A) . As the neural plate rounded up to form the neural tube, Wnt-I was expressed in the neural folds of the future mesencephalon (Fig. 2B ). Strong expression of Wnt-1 in the dorsal and lateral walls of the mesencephalic vesicle was observed by stage 9 (Fig. 2C) . Expression at the dorsal midline of the mesencephalon was observed continuously up to stage 20 (Figs. 2D-G, 3A-E) and beyond, but Wnt-I expression in the lateral walls of the mesencephalon became gradually restricted to the caudal mesencephalon. Between stages 11 and 13, Wnt-I expression was progressively lost from the walls of the rostra1 mesencephalon but was maintained caudally (Fig. 2E-G) , yielding a ring of expression just rostra1 to the isthmus, a region which forms the mesencephalic/metencephalic junction (Fig. 3A,B,D,E) . This distinctive ring has been observed previously in the corresponding position of the mouse, zebrafish and Xenopus brain (Wilkinson et al., 1987; Molven et al., 1991; Parr et a1.,'1993; Wolda et al., 1993) .
Expression in the neural folds of the rhombencephalon and spinal cord was observed from stage 8 onwards (Fig.   2B ). Expression at trunk levels was correlated with the progress of neural tube development (Figs. 2 and 3, data not shown). Expression in the dorsal neural tube of the myelencephalon and spinal cord was observed consistently up to stage 20 and beyond. Examination of a sectioned whole-mount stage 19 embryo revealed that Wnt-I was expressed in dorsal-most regions of the neural epithelium and roof plate (data not shown).
At stage 9, Wnt-1 expression at the dorsal midline of the mesencephalon extended continuously rostra1 into the primary prosencephalon (Fig. 2C ). This expression was maintained such that by stage 13, when the embryonic subdivisions of the developing forebrain became apparent (terminology of Vaage, 1969; Kuhlenbeck, 1973; Puelles et al., 1987) , Wnt-I was expressed in the synencephalon and dorsal posterior parencephalon.
However, in contrast to the dorsal midline of the mesencephalon, at older stages, the stripe of Wnt-l expression in the middorsal posterior parencephalon bifurcated, diverging anterolaterally to form a small chevron (Fig. 3C ). This dien- (Fig. 4A) . In older embryos, expression was oblevel of rhombomeres 1 and 2, appeared less intense than served in the dorsal neural tube of the caudal rhombenexpression in the mesencephalon or caudally in the rhomcephalon and spinal cord; this expression was correlated bencephaion and spinal cord. Sections of stage 17 and 20 with the progressive development of the neural tube along embryos showed that Wnt-3a was expressed in the dorsal 
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15 neural epithelium and roof plate (Fig. 8A) . At stage 27-distribution towards the sulcus limitans. At stages 27-28, 29, Wnt-3a was expressed only in the roof plate of the this distribution was maintained at the level of forelimb spinal cord at the level of the forelimb (Fig. 8C ), but was bud (Fig. 8D) , whereas in extreme caudal regions of the more broadly expressed along the dorsal-ventral axis at spinal cord, Wnt-4 expression extended more ventrally the extreme caudal end of the spinal cord (Fig. 8G) . (Fig. 8H ). Following neural tube closure, Wnt-3a expression was observed in the dorso-lateral walls of the mesencephalic vesicle (Fig. 4B,C) . Expression in the walls of the mesencephalon was gradually lost such that by stage 17, only a mid-dorsal stripe of expression was observed (Fig. 4D-G) . This pattern of expression was also observed at stage 20 (Fig. 4H) .
Expression of Wnt-3a RNA in the forebrain was first observed at stage 11 extending rostrally from the mesencephalon into the walls of the caudal diencephalon (Fig.  4E,F) . Expression in the lateral diencephalon was transient. At later stages, expression was restricted to the dorsal midline of the synencephalon and posterior parencephalon (stages 17 and 20; Figs. 4G,H and 7C). Expression in the diencephalon was continuous with the dorsal midline expression in the mesencephalon, metencephalon, myelencephalon and spinal cord.
It is noteworthy that a region of the rostra1 rhombencephalon consistently lacked Wnt-4 transcripts: at stages 8 and 9 (Fig. 5B,C) , this zone was bounded rostrally by the lateral margins of the anterior intestinal portal and caudally by the somites. At older stages, the rostra1 limit of Wnt-4 expression in the spinal cord and caudal rhombencephalon was rhombomere 7, just caudal to the otic vesicle (Fig. 5G,I ). Thus, in contrast to Wnt-1 and Wnt-3a, which were expressed throughout the dorsal rhombencephalon and spinal cord, Wnt-4 expression was absent in rhombomeres 1-6.
Wnt-3a expression was not limited to tissues of the developing nervous system; expression was also detected in the regressing primitive streak (Fig. 4A ,B,F), tail bud (Fig. 4H) , dorsal otic vesicle (Fig. 4G ,H) in a region that gives rise to the external auditory meatus, and limb buds (data not shown).
Expression of Wnt4 in the fore-and midbrain was highly dynamic. Expression was lost at the dorsal midline ( Fig. 5F ), then in the lateral walls (Fig. 5H ) of the rostra1 mesencephalon and presumptive synencephalon. Between stages 13 and 18, Wnt-4 expression in the midbrain retracted to form initially a broad, then a tight, circle of expression just rostra1 to the mesencephalic/metencephalit border (Figs. 5G-J and 7B), in a similar position, but extending anterior to the aforementioned Wnt-I ring (Fig.  3) . The Wnt4 ring persisted until at least stages 24 (Fig.  7F ).
2.2.3. Wnt-4. Wnt-4 expression was first observed at stage 7 (1 somite, open neural plate), in the dorsal lips of the neural tube in the region of the presumptive mesencephalon (Fig. 5A) . Expression increased dramatically so that after neural tube closure strong expression was observed in the dorsal and lateral walls of the mesencephalic vesicle extending into the caudal prosencephalon ( Fig.  5B-D) . A second domain of early expression was observed in the caudal rhombencephalon and spinal cord (Fig. 5B) , beginning at the level of the first somite. Sections through the spinal cord of stage 17 and 20 embryos showed that Wnt4 was expressed in the dorsal half of the neural epithelium, excluding the roof plate (Fig. 8B) . Expression was strongest dorsally, decreasing in a graded
In contrast to the progressive loss of Wnt4 expression in the rostra1 mesencephalon and synencephalon, strong Wnt-4 expression remained in a triangular shaped region of the embryonic dorsal diencephalon, with a sharp boundary at the junction between the anterior and posterior parencephalon (Figs. 5H-J and 7B). At stage 20, Wnt-4 expression in this region extended ventral along the zona limitans interparencephalica which separates the anterior and posterior parencephalon (Fig. 5J) ; expression along this line was also visible at stage 28 (not shown).
2.2.4. Wnt-8b. Wntdb was first expressed in the developing forebrain at stage 9 (data not shown). By stage 11, Wntdb was broadly expressed in the dorsal walls of the diencephalon and secondary prosencephalon caudal to the optic stalks (Fig. 6A) , including the dorsal midline. Expression was detected in these regions throughout the period studied, although the spatial distribution was modified ( Fig. 6B-H) . By stage 17, when the lateral walls of the secondary prosencephalon begin evaginating to form bilateral telencephalic vesicles, Wnt-8b transcripts were observed in the middorsal parencephalon and in a triangular dorsomedial region between each vesicle (Fig.  6D-F Wnt-5a transcripts were localized to the floor plate of the spinal cord (Fig.  8F ). This is a relatively late feature of floor plate development as in situ hybridizations to spinal cord sections revealed no floor plate expression up to stage 24 (data not shown).
In the diencephalon, Wnt-5a transcripts were expressed at, and restricted to, the dorsal midline of the posterior parencephalon (Fig. 7B) . Wnt-5a expression was also detected in discrete regions of the ventral mesencephalon (Fig. 7B ) and myelencephalon (data not shown). Compared to expression elsewhere in the embryos, Wnt-5a expression in the brain was weak, but it was consistently observed at stages 16, 17 and 20. Wnt-5a transcripts were also seen in non-neural tissue surrounding the eye cup, in the branchial arches and more faintly in the wing bud at stage 16 (data not shown). 2.2.6. Wnt-7b. Expression patterns were studied only in tissue sections as excessive background prevented us from using this probe in whole mount preparations. In the brain, strong dorsal expression of Wnt-7b was detected in the anterior parencephalon and secondary prosencephalon at stages 20 and 24 (Fig. 7A,E) . Wnt-7b was also expressed in the ventricular epithelium of the spinal cord at the latest stage examined (stage 27-28; Fig. 8E ).
Discussion
Wnt gene sequences
Our PCR-based strategies have led to the cloning of DNA fragments partially encoding five new members of the chick Wnt-gene family. Sequence comparisons provide an unambiguous assignment of four of these sequences to the Wnt-I, 3a, 76 and 8b genes. Recent results confirm the identity and expression of chick Wnt-I (Bally-Cuif and Wassef, 1994). Despite the fact that the regions cloned cover areas of greatest sequence divergence amongst different family members, sequence identities are extremely high between chick and mouse orthologues. The fifth member is clearly highly related to Wnt-4, shares several features of expression in common with the Wnt-4 gene in other vertebrate species (see below), but is less well conserved. More surprisingly still, the chick Wnt-4 sequences are more highly related to those of Xenopus laevis despite the fact that chick and mouse are more closely related than chick and frog. This unusual conservation is not shown by other family members. For example, mouse Wnt-7b is more closely related to chick Wnt-7b, than to its Xenopus orthologue. It should also be noted that the degree of divergence between chick and mouse Wnt-4 is greater than between the two mouse Wnt-7 genes which are thought to have dupli- cated prior to the separation of jawed vertebrates (Sidow, 7aYb, 8db/c (Sidow, 1992) . Our analysis of two mammalian species the mouse and human (Gavin et al., 1990; Huguet et al., 1994; J.A. McMahon, unpublished data) has similarly identified only one Wnt-4 gene, and the mouse and human amino acid sequences are identical over the same region. Thus, a large number of approaches in a wide variety of vertebrates have failed to identify more than one Wnt4-like gene in the same species.
Interestingly, there are some dramatic differences in Wnt4 expression patterns in the CNS of chick and frog compared to mouse. Wnt-4 is strongly expressed in the mesencephalon and in subdivisions of the developing diencephalon of chick and frog whereas in mouse, Wnt-4 expression is barely detectable in these regions. Thus, Wnt-4 may play an essential role within the CNS of 'lower vertebrates' which is not necessary in mammals either because the function is no longer required, or has been taken over by some other genetic pathway, which may or may not require Wnt-members.
Consistent with this are the results of experiments in the mouse in which Wnt-4 has been mutated. It is clearly necessary for kidney development ) consistent with its expression in the developing kidney of mouse and chick. However, there does not appear to be a role for Wnt-4 in CNS development in the mouse, a result which is in keeping with the relatively late, and weak expression in the CNS .
Wnt expression patterns prefigure major subdivisions of developing neural tube
Our observations of a series of embryos closely spaced in developmental stage demonstrate that many of the Wnt genes are expressed in spatial domains that prefigure formation of morphological subunits of the embryonic nervous system. Wnt expression patterns also prefigure prosomeric domains in diencephalon.
In chick, the developing diencephalon has been variously separated into 2, 3 or 4 subdivisions by various workers (von Kupfer, 1906; Vaage, 1969; Puelles et al., 1987; Figdor and Stern, 1993) . Our results are easily incorporated into a three subdivision model. Demarcation of the middle diencephalic neuromere, the posterior parencephalon,
by Wnt-4 transcripts is particularly striking, as is expression of Wnt-4 along the boundary between the anterior and posterior parencephalon, the zona limitans interparencephalica. Restriction of Wnt-8b transcripts to the dorsal posterior parencephalon and the corresponding absence of transcripts in the anterior parencephalon and synencephalon provide additional evidence that the developing diencephalon has at least three subdivisions. Expression territories of Wnt-I, Wnt-3a and Wnt-5a which overlap on the dorsal midline of the diencephalon are also consistent with a three subdivision model.
The hour-glass pattern of Wnt-8b expression observed in the secondary prosencephalon is intriguing, but it is not readily interpreted by any of the existing models of prosomere formation (reviewed in Puelles and Rubenstein, 1993) . Wnt-8b is expressed in the posterior parencephalon, it is absent from the anterior parencephalon, and it is expressed on the midline of the developing secondary prosencephalon.
Given the relationship between Wnt gene expression patterns and embryonic subdivisions of the neural tube observed elsewhere, it would be interesting to determine what structures are derived from Wnt-8b expressing cells in this forebrain region.
Expression patterns of the various Wnt genes frequently display both temporal and spatial overlap. Overlapping domains of Wnt gene expression within regions have been seen previously in the mouse (Parr et al., 1993) which raises the possibility of functional redundancy between different family members (McMahon and Bradley, 1990; McMahon et al., 1992) . Based on the degree of overlap observed in different embryos at the same stage, and the intensity of staining observed, it seems likely that single cells can express more than a single Wnt, but this has not been demonstrated.
Expression of multiple Wnt genes might also reflect the diversity of functions that have been proposed for this family: cell fate determination, control of proliferation, and cell survival. Thus, even though there is a broadly overlapping distribution of Wnt signals, they may be performing different roles. Indeed, it would appear from ectopic expression studies in Xenopus embryos (McMahon and Moon, 1989; Smith and Harland, 1991; Sokol et al., 1991; McGrew et al., 1992; Moon et al., 1993; Wolda et al., 1993) and mammary epithelial cells (Wong, et al., 1994) that Wnt-proteins do not have identical activities.
Timing and Regulation of Wnt gene expression
The appearance of Wnt gene transcripts in cells of the open neural plate (stage 7) places this family among the M. Hollyduy et al. I Mechanisms of Development 52 (1995) 9-2.5 and in a 'Wnt-ring' in the caudal mesencephalon just rostra1 to the isthmus (arrows). Compare with (B) and note that the expression in the synencephalon that was present at stage 20 is no longer apparent, and that the 'Wnt-ring' is narrower and also extends further ventrally (arrows). earliest expressed genes in the developing nervous system. Several homeobox have been identified which are also expressed in the chick neural plate at this stage (Sundin and Eichele, 1990; Rangini et al., 1991) , but neither of these are expressed in the presumptive mesencephalon, where Wnt gene expression is first observed. Interestingly, both the timing and location of Wnt expression is coincident with engrailed (En) expression in the presumptive mesencephalon at stage 8 (Davis et al., 1991) lending further support to the argument that Wnt/En interactions may be evolutionarily conserved (for review see McMahon, 1992) . In the chick, the pattern of engrailed expression looks like the sum of Wnt-I and Wnt-4 expression domains in the mesencephalon and diencephalon; neither alone matches the observed pattern of engrailed expression (Bally-Cuif et al., 1992) .
As a group, Wnt gene expression is initiated in broad regions of the embryonic neural tube at stages when manipulative studies have shown that regional determination is taking place (Wenger, 1951; Nakamura et al., 1986; Alvarado-Mallart et al., 1990) . Expression typically persists in cells of the mitotic ventricular neuroepithelium during periods of its expansion, becoming more restricted at later stages when neurons withdraw from the mitotic cycle, migrate away from the ventricular neuroepithelium, and begin neuronal differentiation.
Thus, the timing and location of Wnt gene expression suggests they could play a role in cell proliferation or regional determination of the CNS, and are unlikely to be candidates for regulating neuronal differentiation.
Interestingly, ectopic expression of Wnt-1 in the spinal cord indicates that this member has mitogenic activity (Dickinson et al., 1994) .
Species comparisons
Wnt genes have been cloned in a variety of species including representatives from each of the four vertebrate classes: mouse, zebrafish, Xenopus and chicken. Where detailed mapping studies have been performed, species comparisons of the distribution patterns show both strong similarities and striking differences (see Table 1 ). Wnt-I and Wnt-3a expression patterns are perhaps the most consistent across species, with mouse and chicken showing the closest similarity.
In all four species, Wnt-I transcripts have been observed consistently in the dorsal mesencephalon and in the characteristic Wnt ring in the caudal mesencephalon just rostra1 to the isthmus. Wnt-3a transcripts are observed consistently in the dorsal mesencephalon, but are absent from the 'ring' in the caudal mesencephalon, except in zebrafish. Wnt-1 and Wnt-3a transcripts are also consistently expressed in the dorsal rhombencephalon of all four species. Such observations suggest that Wnt-I and Wnt-3a expression in these regions have phylogenetic significance, and may be important for determining the basic organization of the vertebrate neural tube in these regions.
A similar argument could be made for Wnt-3a in the developing diencephalon.
Wnt-3a is also consistently expressed in caudal diencephalon of all four species; where this has been studied in detail, Wnt-3a transcripts are found in the dorsal synencephalon.
This caudal-most subdivision of the developing diencephalon gives rise to the pretectum.
Wnt-4 displays a highly variable expression pattern across species which may reflect the fact that this gene is the least conserved of all the known Wnts. It is strongly expressed in the dorsal mesencephalon of both chick and Xenopus, but only in chick are transcripts observed in the Wnt ring in the caudal mesencephalon.
Wnt4 is only weakly expressed in mouse dorsal mesencephalon.
In chick, Wnt-4 expression foreshadows one of the subdivisions of the developing diencephalon, the posterior parencephalon,
where it continues to be strongly and broadly expressed for an extended period. The available data on Xenopus diencephalon is suggestive of a close similarity to chick, but this needs to be further investigated. Wnt-4 is only weakly expressed in the mouse diencephalon. The similarity of Wnt-4 expression patterns between chick and frog in both mesencephalon and diencephalon, and dissimilarity to the mouse is intriguing, especially when compared to expression patterns of Wnt-I and Wnt9a.. There, chick and mouse (and zebrafish) showed similar patterns of expression, with Xenopus showing the greatest divergence.
Another species specific feature of the chick Wnt-4 expression pattern is the absence of expression in the rhombencephalon, extending from rhombomeres l-6 inclusive. Taken together with the distinctive and persistent expression pattern in the diencephalon, regulation of Wnt-4 expression in these regions may be an avian characteristic, and serve to distinguish birds (and possibly reptiles) from the other vertebrate classes. One might also predict that disruption of the Wnt-4 signaling pathway would have far more drastic consequences in birds than in other vertebrate classes where its expression pattern is transient and/or much weaker.
The various members of Wnt-8 family display considerable diversity in expression patterns. Wnt-86 was the only gene we studied whose expression was largely restricted to the developing prosencephalon. Another chick Wnt-8, Cwnt-8c cloned by Hume and Dodd (1993) is strongly expressed in the regressing primitive streak and transiently in a region of the closing neural tube that will give rise to the fourth rhombomere. The timing and patterning of Wnt-8c expression is important because it precedes the up-regulation and restriction of expression of Hox Bl in this specific region (Sundin and Eichele, 1990) , but had declined to undetectable levels by stage 10. In contrast, Wnt-86 shows a sustained temporal and pattern of expression in the developing forebrain. Wnt-8 is not expressed in the nervous system of Xenopus. h4. Hollyday et al. I Mechanisms Oj'Development 52 (1995) 9-25 
